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£iaiin 



Y We fact that silicon crystals are grown on 



substrates using th. resistance heating Method; in this case. 

TT th< \? rincipal surf »°° <* «* substrate being set vertically 
and parallel to the gas t lo„; with the periphery of the 
substrates being surrounded by a pipe „ ld e of silicon cr fused 

™ I ^ ' " early «° SS — «th the 

TT. r in * Perf ° med *» «- tube at a pressure of 

25,000 p a or lower. 

Petted «xpJan»1"»on of t^ o ^~ nMnr| 
Industrial application field 

This invention pertains to a technology tar growing a 



Prior art 



^ilicoTfiw 3 ^ ^ beM *• - large number of 

former °: 597) * Howeve *< they have disadvantages Por ^ 
former, the number of sub=: 4.v *. 

lifted. For the l^t- T ^ *" * 

*or the latter, the growth rate is very lov. 

Purpose of the invention 

« conventional nethods by providing a technology 



charactered by the fact that it is possible to grow a silicon 
pressure, with a low price ^ ta . almplB nanner «*~* 

The features of this invention involve the following 4 
Points: (1 ) a distance heating ttethod with a *itt^ll7 
possibly "conduction") oven is used- o, [S1C; 
used- ii, ^ ' (2) 4 s <J"=re inner tub* is 

'about r s":j 'o^o^t i n the reaotion tuia is s5 - oo ° - 

-ill Be ^XainVrn^-^r ST^' ^ 4 

-thod is adopted, heatin, cant p^^ t ^r^r eta ' 

supporting table for heat™ „ without using a 

consumption for heating LTT d d 

tube vitTnea^ I .^T" "« » «-io„ 

poss^e to ^L TZIZZITT' 1 profile is used - " is 

the wal! surface of the. reaction^ T" t 7*" — ^ *" 
9 lass reaction tube is used dire^ InsLad ST tUSe<S - Bili ~ 
tube, when the Dressu™ <„ «. instead of the square inner 

«-» ^ospherir^ure T ^ *"** *" to l0 »~ 

Consequently, a c~ e ou^r ^e and" ^ " 

— ined. is the ^^LTT^ZZ T~ ^ "* 
are kept in a vertical B o«h<-< Parallel to the gas flov and 

urates become^ ZlC Z ^ ^ ° f *»» 

over the substrates c» *" ' l0W at a hl * 

»d uniform sincl'th ^ Y ' ^ ""^ " te -» «- M* 

-aintaina^ower ^ra e t: reS H SUre *" ^ reaCW ° n tUbe 
reaction tube Lis «- 
Becomes uniform, and such uniformity can be 



£ ,i» =r eP , taxial silicon Hlth 9Xcallent ef * eot * .r:^. 

Application examples 

In the following, this invention will be * ■ 

detail with ^ e explained in more 

t:axl with reference to application examples. 

^^^m^i^, Grovth of expitaxial s . iane 

was loaded in a resistances I- * length ° f 200 c * 

"sisrance heatincr oven wd^v, ~ t 
A fused-eilica , lMS iw)er * ™ J«* - ^ o£ „ 0 em. 

section and a length U!cIX ' a s iuare cross 

9 Xas, reaction ^ 1"° " T ^ *» «- *-d-silica 

~- »^*r « so ail L n .: r^T 1 " Figure 2> a 

were set in the inner tubs , with Ts " ^ I " °* ^ ~ 

stacks to the oas f lw Ut c ^ "grates per stack and 5 

Portions, via the central 100 int ° 3 

1050 + 2-c , = antral 10 °- c " Portion maintained at 
iuau t 2 c. As shown in Figure 1 c, «. , 

oven, hydrogen gas at a ratTH ™ f! 6 ° f «" 

WWJ at a rite or 1 0 lL! ' " «— 

inner tube. 4t the <- ^ Ir ° n " n °" le 

tube was evacuat^ atT T' ^ ^ «- 

acuated at a rate of 2 ooo L/ »i„ by . vacuuo 



Zo rT* PreSSU " ° f relC " 0n tUbe Ms -i„tai„ ed at 
IchY ^ " t0rr) ' * fter 9rOWth £ ° r " the 

xt„ai ^rt:'^ 8 epitaxiai grovth iayer ms **•» — — i. 

was found that except for the s v- 5 ^ 
side walls fnr j_« . 5 X 2 10 substrates near the 

s lcl e walls, for the remaining 40 substrates, the unif«-™^„ 

; hS uniform ^ty in each wafer was even better- it 
was ±4% or better except for the wa f e r-hni^ "erter, it 

.. tne warer holding portion tHp 

uniformity of the resistance was f OUn d to be -iwi 

the uniformity of ^ ^ slightly poorer than 

CSiHCl) Z s < ° thlctaie "- Wh*i silane trichloride 

LT ^ tetrachloride (sicij are used as the feed 

gas, the uniformity can be further improved 

poiysu™: 1 th used as the f ' eed - * 

- no falloff of 

serial is usel^ s ^ ^ ^ * ch ^« *eed 

to be in™ andT eSSUre ^ deCr * aSed ' ^ ^ 
undesirable 1 dec — which is 

* ln order to "aprove the uniformity a « 
pressure should be selects irorm;Lt yr an appropriate 

e selected in consideration n f 4-v 
vacuum- pump and the growth time J UU * a * l0a of the P^er of the 

becomes higher than Ts Tn ! ^ 1116 

becomes much"^. ' " ^ V the ^rmity 



Application FY^p 1n , Growth of po i ysilicon film 



7 



A poiysilicon film was grown using the same device as that 
used •» Application Example 1. The temperature of the soaking 

tack rr^" OVSn 70 °' C ' Ma *" —t»t- were set 

tack to back m the reaction tube using the same method as in 

loaded Is ^ Caa ^ ma *- ««• ««• «o substrates 

Figure l f *** ^ " a0ti °" tUb - *° *^ « 

Figure l, from the right side of the reaction tube, forced 

p™ rt: aS PBrf0rmea " * ° f 2000 -^ vacuum 

un i„^ A ^ 9r °" th f ° r 10 ttin - «e samples were 

unloaded from the oven for cooling. Tha thickness of the layers 

grown has a mean vain* r» * J-ayers 

on the two siZ f ° r the 10 ^strates 

n we xvo sides, the uniformity of the thirty 
wafers was better than +7* «. . thickness among the 90 
even better rbett ^ unxfor^uity in each wafer was 

the fLT^JriT t r: ±4%> - ^ dichior ° s iiane WaS - 

Ieea material, the temDeraturp -in'**,** 
The relation between the gas f iTraL^dT "** " ^ 
the reaction tube is simiL t TtZl I^ITZTV^ 
~- 1. Khen a circular tube was use^n p L\e 0 fT " 
inner tube, the uniformity was not so good ?j£ l h l Tf" 
-on, the wafers degraded to ± 30* or ^12^7 
significant the effect of the shape of the tubman Til T 



inn , ^ t aPPliCati ° n ex™* 1 ** explained in the above, a square 

iz:\Tt: v : s r d - However ' shapes near ^ °* * ™ 

or^ ' SUch as a ^xagonal cross-sectional shape 

prepared by taking off the four corners ^ & P 

-actions. " ' «*~— <*~ <- «*- fus « d - sllica glass 



1- Resistance heating oven 

Fu se d- S iii ca glass reaction tube 



2. 

substrate carrier 



5, substrate 

6. Nozzle 




